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TITLE OF THE INVENTION 
Direct-Current Motor 



BACKGROUND OF THS INVENTION 

5 

The present invention relates to a direct-current jxiotor. 

In a typical direct-current motor, which has brushes and 
commutators, the brushes and a commutator change the direction 

10 of current supplied to coils, or commutate the current. 

However, in many cases, in the last stage of switching, the 
direction of the current is abruptly changed, that is, 
undercommutation occurs. Undercommutation causes the brushes 
to discharge sparks^ which produce noise and wears the 

15 brushes- 

To prevent undercommutation, commutation is improved by 
displacing the position of each brush in a direction opposite 
to the rotation direction of the rotor relative to the 
20 circumferential center of the corresponding magnet. 

However, the proper position of each brush varies 
according to the rotation speed of the motor and the current 
through the coil- Therefore, when the rotation speed and the 
25 coil current change due to a change of load acting on the 

motor, it is difficult to commutate current appropriately. A 
radical count ermeasure has therefore been wanted. 

Part of each magnet in a typical direct -current motor is 
30 designed to function as a flux changer. The position of the 
corresponding brush relative to the flux changer influences 
commutation. If the relative position is inappropriate, 
occurrence of sparks will be frequent, which prevents improved 
commutation* Further, the flux changer changes the attraction 
35 force generated between the magnet and the armature. 
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Therefore, the rotational force generated when rotating the 
armature without supplying current to the motor, or the racing 
torque (cogging torque) , is increased. This produces noise 
and vibration, 

5 

SUMMARY OF THE INVENTION 

Accordingly, it is a first objective of the present 
invention to provide a direct-current motor that prevents 
10 sparks from occurring by locating each brush at an appropriate 
position relative to the corresponding magnet that has a 
^ magnetic f luK changer (weak flux part) . 

A second objective of the present invention is to provide 
15 a direct-current motor that reduces cogging torque, thereby 
O operating smoothly with low noise. 

Ill To achieve the foregoing and other objectives and in 

accordance with the purpose of the present invention, a 
r=i 20 direct-current motor is provided- The motor includes an 
N= armature core/ a plurality of armature coils a plurality of 

laagnetS/ a commutator^ and a pair of brushes. The core has a 
plurality of teeth. The teeth are arranged at a pitch of a 
first predetermined angle. Each coil is wound about a 
25 different group of teeth having a predetermined number of 

teeth. Each tooth is located at the most advancing position 
in the rotation direction in one of the teeth groups. The 
armature core and the armature coils form an armature- The 
magnets face one another with the armature in between. Each 
30 magnet includes a main portion, an extended portion, a first 
weak flux part. The extended portion extends from the main 
portion. The first weak flux part is located in the vicinity 
of the border of the extended portion and the main portion. . 
The first weak flux part extends along one pitch of the teeth, 
35 and the flux of the first weak flux part gradually increases 
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along the rotation direction of the armature. The coinmutator 
has a plurality of segments. The segments are connected to 
each coil. The brushes can contact each segment. The brushes 
supply current to the coils through the segments- During 
5 commutation^ each brush establishes a short circuit in an 

adjacent pair of the commutator segments, thereby changing the 
direction of current flowing through the coil* When 
Goramutation is started for a group of teeth, the advancing end 
of the first tooth in that teeth group, the first tooth being 
10 located at the most advanced position in the group in the 

rotation direction of the armature, is aligned with the first 
weak flux part of one of the magnets. 

Other aspects and advantages of the invention will become 
15 apparent from the following description, taken in conjunction 
with the accompanying drawings, illustrating by way of example 
the principles of the invention - 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The invention, together with objects and advantages 

thereof, may best be understood by reference to the following 

description of the presently preferred embodiments together 

with the accompanying drawings in which: 
25 Fig. 1 is a partial cross-sectional view illustrating a 

direct-current motor according to a first embodiment of the 

present invention; 

Fig. 2 is a partial cross^sectional view illustrating the 

direct-current motor of Fig, 1, when commutation is started; 
30 Fig. 3 is a graph showing the racing torque of the 

direct-current motor shown in Fig. 1? 

Fig. 4 is a partial cross-sectional view illustrating a 

direct-current motor according to a second embodiment of the 

present invention; 
35 Fig. 5 is a partial cross-sectional view illustrating the 
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direct-current motor of Fig, 4, when commutation is started; 

Fig. 6 is a graph showing the racing torque of the 
direct-current motor shown in Fig. 4; 

Fig. 7 is a partial cross-sectional view illustrating a 
direct-current motor according to a first modification of the 
direct-current motor shown in Fig. 1; 

Fig. 8 is a partial cross-sectional view illustrating a 
direct-current motor according to an alternative modification 
of the direct -cur rent motor shown in Fig* 1; 

Fig- 9 is a diagrammatic view showing a magnet according 
to a modification of the embodiments of Figs, 1 to 3, 7 and 8; 

Fig. 10 is a diagrammatic view showing a magnet according 
to a first alternative modification of the embodiments of 
Figs, 1 to 3, 7 and 8; 

Fig. 11 is a diagrammatic view showing a magnet according 
to a second alternative modification of the embodiments of 
Figs. 1 to 3, 7 and 8; 

Fig, 12 is a partial cross-sectional view illustrating a 
direct-current motor according to a modification of the 
embodiment of the motor shown in Fig. 4; 

Fig. 13(a) is a partial perspective view illustrating a 
magnet according to a modified embodiment of the present 
invention; and 

Fig. 13(b) is a partial plan view illustrating the magnet 
shown in Fig, 13(a)- 

DBTAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A direct-current motor according to a first embodiment of 
the present invention will now be described with reference to 
the drawings. In this embodiment, the direct-current motor is 
a blower motor !• Fig* 1 is a partial cross-sectional view 
illustrating the blower motor 1, Fig. 2 is a partial cross- 
sectional view illustrating the blower motor 1^ when 
commutation is started- 



As Shown in Figs. 1 and 2, the blower motor 1 includes 
two magnets 2, 3, an armature 4 and commutators 5, and a pair 
of brushes 6. 



Specif icaliyr the blower motor 1 is a bipolar direct- 
current motor and has a motor housing yoke 7. The magnets 2, 
3;. which form a north pole and a south pole, face each other 
with the armature 4 in between. The magnets 2, 3 are 
10 symmetrical with respect to the center of the armature 4, 

Therefore, for purposes of illustration, the structure related 
to the magnet 2 will be described. The armature 4 includes a 
core 8 and coils 9 wound about the core 8- To rotate the 
armature 4, current is supplied to the coils 9- 
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The armature core 8 has teeth 8a, the number of which is 
twelve in this embodiment. Also, the number of the coils 9 is 
twelve in this embodiment- Each tooth 8a has a bar at the 
distal end- The tooth bars extend in the circumferential 

20 direction. In this embodiment, each consecutive five teeth 8a 
form a group, and there are twelve groups of the teeth 8a. 
Specifically, any one of the teeth 8a is located at the most 
advancing position in the rotation direction in one of the 
teeth groups, and the tooth 8a at the second advancing 

25 position in this group is also the most advancing tooth 8a in 
the next group. In this manner, each tooth 8a is defined as 
the most advancing tooth to the most trailing tooth 8a, or the 
first to fifth tooth 8a, in five consecutive teeth groups. 
Each coil 9 is wound about one of the teeth groups. Only one 

30 of the coils 9 is shown in Fig. 1. 

The teeth 8a are spaced apart by thirty-degree intervals - 
Therefore, the angle defined by each adjacent pair of the 
teeth 8a, or the pitch of the teeth 8a, is 30*** In other 
35 words, the armature slot angle 9 is 30''(30*'= 360Vl2) • This 
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winding structure is referred to as disbributed winding. 

The commutator 5 is located at one side of the armature 4 
and includes twelve segments 5a. Each segment 5a forma a pair 
with the adjacent segment 5a, and there are twelve pairs of 
the segments 5a. The segments 5a in one of the pairs are 
connected to the terminals of the corresponding coil 9, 
respectively. The brushes 6, which face each other, are urged 
to contact the commutiator 5. A direct-current power supply 
(not shown) supplies direct current to the brushes 6. The 
current flows to the coils 9 through the brushes 6 and the 
comiautator segments 5a, which starts rotation of the armature 
4. When a pair of adjacent segments 5a contacts one of the 
brushes 6, a short circuit is established between these 
segments 5a, which changes the flowing direction of current in 
the coils 9. Therefore, the armature 4 continues rotating 
clockwise, or a direction of arrow X in the drawing. Since 
the segments 5a are spaced apart by thirty-degree intervals, 
the current direction through each coil 9 is changed in a 
thirty-degree rotation of the armature 4 relative to the 
brushes 6. That is, commutation of the coils' 9 is performed 
in a thirty-degree rotation of the armature 4 . In this 
embodiment, the angle between each adjacent pair of the 
segments 5a is equal to the angle 6 between each adjacent pair 
of the teeth 8a, The angle that corresponds to the contacting 
width between each brush 6 and the segments 5a is equal to the 
angle 9* 

The magnet 2 (3) has a main portion 2a (3a) and an 
extended portion 2b (3b) . The extended portion 2b extends in 
the advancing direction, or forward from the main portion 2a 
with respect to the rotating direction of the armature 4. 

As shown in Fig. 1, the circumferential length of the 
main portion 2a corresponds to an angle 5, the relation of 



which with the angle 6 is represented by the following 
equation. 

6=^QX (n-l-(l/2) ) 

the sign n represents the nuinber of the teebh 8a in one 
5 teeth group, about which one of the coils 9 is wound. 

Thereof ore, in this embodiment, the angle 6 of the main 
portion 2a is represented by the following equation - 
6-30^ X (5-l-(l/2) )-a05**- 

The circumferential length of the main portion 2a Is 
10 determined to correspond to this angle. When the 

circumferential center of the first tooth 8a in each teeth 

|ss£a 

O group is aligned with the most advancing end 2d of the main 

Si portion 2a in the rotation direction of the armature 4 as 

fy shown in Fig- 1, the most trailing end 2e of the main portion 

15 2a is aligned with the circumferential midpoint between the 

b : ; 

=j5 fifth tooth 8a and the fourth tooth 8a in the teeth group. 

^ The circumferential length of the extended portion 2b 

1=^= corresponds to the slot angle 9, or the angle that corresponds 

2: 20 to the commutation section (the commutation section angle) • 
The radial dimension, which is referred to as thickness in 
this embodiment, of the extended portion 2b gradually 
increases in the circumferential direction. The extended 
portion 2b {3b) has a thin part 2c (3c) - That is, the magnet 
25 2 has a first weak flux part, which is the thin part 2c 

between the main portion 2a and the extended portion 2b. In 
this embodiment, the thin part 2c is formed in the extended 
portion 2b. The magnet 2 has the minimum magnetic flux 
density at the border between the extended portion 2b and the 
30 main portion 2a. The magnetic flux density varies along the 
thin part 2c of the extended portion 2b • 

The relationship between the teeth 8a and the magnet 2 
(3) during commutation will now be describ^sd with reference to 
35 Fig. 2, 
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When the advancing end of the bar of the first tooth 8a 
is aligned with the border of the thin part 2c and the main 
portion 2a during rotation of the armature 4 as shown in Fig. 
2, one of the brushes 6, which is connected bo one of the 
pairs of the segments 5a, starts contacting the adjacent 
segment 5a, This starts commutation of the corresponding coil 
9. In other words, the bar of the first tooth 8a starts 
contacting the thin part 2c at the moment when commutation of 
the brush 6 is started. 

When the armature 4 rotates by a certain angle from the 
state of Fig. 2 and reaches the state of Fig. 1, and one of 
the pairs of the segments 5a contacts one of the brushes 6 in 
.ths substantially same areas, the flowing direction of current 
through the coil 9 is changed. At this time^ the most 
advancing end 2d of the main portion 2a is aligned. with the 
circumferential center of the first tooth 8a, and the most 
trailing end 2e is aligned with the circumferential midpoint 
between the fifth tooth 8a and the fourth tooth 8a. When the 
armature 4 further rotates by a certain angle from the state 
of Fig* 1, commutation is suspended- The section angle of 
commutation is therefore thirty-degree angle, 

A part of the extended portion 2b that faces the core 8, 
or the thin part 2c/ gradually increases the thickness, in the 
commutation section angle. Therefore, the amount of magnetic 
flux passing through each coil 9 during commutation gradually 
increases as the armature 4 rotates . The rate of increase of 
the flux amount also gradually increases- Since the amount of 
flux through the coil 9 changes, the voltage induced in the 
coil 9 is small at first and is gradually increased 
negatively. The induced voltage cancels the reactance 
voltage. This decreases undercommutation. 



Fig. 3 shows a change (cogging torque ATI) of the iracing 
torque T when the armature 4 rotates by one slot (thirty 
degree) from the position at \rrhich commutation of one of the 
coils 9 is started. In this embodiment, when commutation of 
5 one of the coils 9 is started^ the most trailing end 2e of the 
main portion 2a is located at the circumferential midpoint of 
the fifth tooth 8a and the fourth tooth 8a. Therefore^ the 
cogging torque dTl is reduced, as shown in Fig- 3. The 
cogging torque ATI is smaller than that of the prior art by 
10 83%- 



As described above, this embodiment has the following 
advantages - 

15 (1) At the beginning of coinmutation, the distal end of 

the first tooth 8a is aligned with the first weak flux part 
(thin part 2c) - In other words , the positions of the brushes 
6 are determined such that each brush 6 forms a short circuit 
in onis of the pairs of the segments 5a when the advancing end 

20 of the bar of the first tooth 8a is aligned with the first 
weak flux part 2c. 

Therefore^ the positions of the brushes 6 are appropriate 
relative to the magnet 2, which include the first weak flux 
25 part 2c. This permits commutation to be reliably performed 
and prevents sparks, 

(2) The circumferential length of the main portion 2a 
corresponds to the angle 5 (S=105°) so that the most trailing 
30 end 2e of the main portion 2a is aligned with the 

circumferential midpoint of the fifth tooth 8a and the fourth 
tooth 8a when the first tooth' 8a is aligned with the most 
advancing end 2d of the main portion 2a. 

35 When commutation- of each coil 9 is started, the most 
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trailing end 2e of the main portion 2a is most spaced apart 
from the circumferential center of the fifth tooth 8a- Thus, 
compared to the prior art, the cogging torque ATI of the 
blower motor 1 is significantly decreased. As a result, the 
5 blower motor 1 operates smoothly with low noise . 



(3) The cogging torque ATI is decreased by simply 
changing the circumferential length of the main portion 2a 
{3a) of the magnet 2 (3) , which simplifies the manufacture and 
10 reduces the cost- 



(4) The angle between each adjacent pair of the segments 
5a is equal to the slot angle 9, which is the angle defined by 
any one of adjacent pair of the teeth 8a* Also, the angle 
15 corresponding to the contacting width between each brush 6 and 
each pair of the segments 5a is equal to the slot angle 6. 

Therefore, when commutation is started, the advancing end 
of the bar of the first tooth 8a is reliably align<sd with the 
20 border of the thin part 2c (3c) and the main portion 2a (3a) 
of the magnet 2 (3) . In other words, when the advancing end 
of the bar of the first tooth 8a is aligned with the border of 
the thin part 2c (3c) and the main portion 2a (3a) of the 
magnet 2 (3), commutation is reliably started- 

25 

A direct-current motor according to a second embodiment 
of the present invention will now be described with reference 
to the drawings. In this embodiment, the direct-current motor 
is a blower motor 11. Fig. 4 is a partial cross-sectional 
.30 view illustrating the blower motor 11. Fig. 5 is a partial 
cross-sectional view illustrating the blower motor 11/ when 
commutation is started* 



As shown in Figs- 4 and 5^ the blower motor 11 includes 
35 two magnets 12, 13, an armature 14 and commutators 15, and a 
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pair of brushes 16. 



The blower motor 11 is a bipolar direct-current motor and 
has a motor housing yoke 17, The magnets 12, 13, which form a 
north pole and a south pole, face each other with the armature 
14 in between. The magnets 12 r 13 are symmetrical with 
respect to the center of the armature 14. Therefore, for 
purposes of illustration, the structure related to the magnet 
12 will be described. The armature 14 includes a core 18 and 
coils 19 wound about the core 18. To rotate the armature 14, 
current is supplied to the coils 19* 

The armature core 18 has teeth 18a, the number of which 
is twelve in this embodiment- Also^ the number of the coils 
19 is twelve in this embodiment- Each tooth 18a hsis a bar at 
the distal end- The tooth bars extend in the circumferential 
direction. In this embodiment, each consecutive five teeth 
18a form a group, and there are twelve groups of the teeth 
18a. Specifically, any one of the teeth 8a is located at the 
most advancing position in the rotation direction in one of 
the teeth groups, and the tooth 18a at the second advancing 
position in this group is also the most advancing tooth 18a in 
the next group. In this manner, each tooth 18a is defined as 
the most advancing tooth to the most trailing tooth 18a, or 
the first to fifth tooth 18a, in five consecutive teeth 
groups. Each coil 19 is wound about one of the teeth groups. 
Only two of the coils 19 are shown in Fig. 4. 

The twelve teeth 18a are spaced apart by thirty-degree 
intervals- Therefore, the pitch of the teeth I8a, or the 
armature slot angle 0, is 30M30'«360^/12) . This winding 
structure is referred to as distributed winding. 

The commutator 15 is located at one side of the armature 
14 and includes twelve segments 15a* Each segment 15a forms a 
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pair with the adjacent segment 15a, and there are twelve pairs 
of the segments 15a. The segments 15a in one of the pairs are 
connected to the terminals of the corjresponding coil 9, 
respectively* The brushes 16 are urged to contact the 
commutator 15. A direct-current power supply (not shown) 
supplies direct current to the brushes 16. The current flows 
to the coils 19 through the brushes 16 and the commutator 
segments 15a, which starts rotation of the armature 14. When 
a pair of adjacent segments 15a contacts one of the brushes 
16;- a short circuit is established between these segments 15a ^ 
which changes the flowing direction of current in the coils 
19, Therefore, the armature 14 continues rotating 
counterclockwise, or a direction of arrow Y in the drawing. 
Since the twelve segments 15a are spaced apart by thirty- 
degree intervals, the current direction through each coil 19 
is changed in a thirty-degree rotation of the armature 14 
relative to the brushes 16* That is^r commutation of the coils 
19 is performed in a thirty-degree rotation of the armature 
14. In this embodiment, the angle between each adjacent pair 
of the segments 15a is equal to the angle 0 between each 
adjacent pair of the teeth 18a, The angle that corresponds to 
the contacting width between each brush 16 and the segments 
15a is equal to the angle 9* 

The magnet 12 (13) has a main portion 12a (13a) and an 
extended portion 12b {13b). The extended portion ' 12b extends 
in the advancing direction, or forward from the main portion 
12a with respect to the rotating direction of the armature 14 - 

As Shown in Fig. 4^ the circumferential length of the 
main portion 12a, 13a corresponds to the slot angle 9 
multiplied by an integer. In this embodiment, length of the 
main portion 12a {13a) corresponds to 120* (49) ♦ 

When the circumferential center of the first teeth 18a is 



aligned with the most advancing end 12 f of the main portion 
12a, the most trailing end 12g is aligned with the 
circumferential center of the fifth tooth 18a. 

Referring bo Fig. 4, when the circumferential midpoint of 
the first tooth 18a and the tooth 18 a that is located at the 
advancing side of the first tooth 18a is aligned with the 
border of the most advancing portion 12f and the extended 
portion 12b, the most trailing end 12g of the main portion 12a 
is aligned with the circumferential midpoint between the fifth 
tooth 18a and the fourth tooth i8a. 

• As shown in Fig- 4, the circumferential length of the 
extended portion 12b corresponds to the slot angle (the angle 
of the commutation) 9(30*^). The thickness of the extended 
portion 12b gradually increases along the rotation direction. 
That is, the magnet 12 (13) has a first weak flux part, which 
is a first thin part 12c (13c), between the main portion 12a 
(13a) and the extended portion 12b (13b) • In this embodiment, 
the first thin part 12c (13c) is formed in the extended 
portion 12b (13b) . 

A second weak flux part, which is a second thin part 12d, 
is formed at a location that is away from the most advancing 
portion 12f by an angle that is equal to the slot angle Q 
multiplied by an integer number m, or an angle mG- In this 
embodiment, the second thin part 12d is away from the angle 29 
(60'') froin the most advancing portion 12f in the clockwise 
direction. The second thin part 12d extends in a range of 
30"*. When the circumferential midpoint between the first 
tooth 18a and the tooth 18a that is at the advancing side of 
the first tooth 18a is aligned with the border of the first 
thin part 12c and the main portion 12a the second thin part 
12d is aligned with the third tooth 18a- 



The second thin part 12d and the first thin part 12c are 
sytnmetrical with respect to the rotation direction of the 
armature 14. In other words^ the thickness of the 5econd thin 
part 12d changes in the opposite manner from the thickness of 
the first thin part 12c with respect to the rotation direction 
of the armature 14 > Specifically, while the first thin part 
12c increases its thickness along the rotation direction of 
the armature 14 and the flux gradually increases, the second 
thin part 12d decreases its thickness along the rotation 
direction of the arniature 14 {the flux gradually decreases) . 

The first thin part 12c and the second thin part 12d are 
formed by machining the border of the main portion 12a and the 
extended portion 12b or by machining only the main portion 
12a, The volume of the material removed for forming the 
second thin part 12d is equal to the volume of the material 
removed for forming the first thin part 12c. 

The relationship between the teeth 18a and the magnets 
12, 13 will now be described vith reference to Fig- 5- 

when the advancing end of the bar of the first tooth 8a 
is aligned with the border of the first thin part 12c and the 
main portion 12a during rotation of the armature 14 as shown 
in Fig. 5, one of the brushes 16, which is connected to one of 
the pairs of the segments 15a, starts contacting the adjacent 
segment 15a 1 This starts commutation of the coil 19. In 
other words, the bar of the first tooth 18a starts contacting 
the first thin part 12c of the magnet 12 at the moment when 
commutation of the brush 16 is started. At this time, the 
advancing end of the bar of the third tooth 18a is aligned 
with the second thin part 12d of the magnet 12. 

When the armature 14 rotates counterclockwise from the 
state of Fig- 5r the flowing direction of current through the 
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coils 19 is changed. That is, commutation is performed. 
During commutation, the thickness of the extended portion 12b 
that faces one of the teeth 18a, or the thickness of the first 
thin part 12c, gradually increases in the commutation section 
angle of 30°. Therefore^ the amount of magnetic flux passing 
through the coils 19 during commutation gradually increases as 
the armature 14 rotates* The rate of increase of the flux 
amount also gradually increases » Since the amount of fluK 
through each coil 19 changes, the voltage induced in the coil 
19 is small at first and is gradually increased negatively- 
The induced voltage cancels the reactance voltage. This 
decreases undercommutation. 

Fig- 6 shows a change {cogging torque) of the racing 
torque T when the armature 14 rotates by one slot, or by the 
angle B, from the position at which commutation of one of the 
coils 19 is started, or from the 0*" position. The change of 
the racing torque T caused by the first thin part 12c is 
represented by a two-dot chain line Al, and the change of the 
racing torque T caused by the second thin part 12d is 
represented by a single-dot chain line R2. Since commutation 
is performed within the angle 9(9-30'') of the motor rotation 
and the second thin part'12d is away from the first thin part 
12c by the angle me (m is an integer) , the period of the 
racing torque T represented by lines Al and A2 corresponds to 
the angle 9(0=30°)- since the second thin part 12d and the 
first thin part 12c are symmetrical with respect to the 
rotation direction o£ the motor, the racing torque T 
represented by a solid line A2 and the two-dot chain line Al 
are sine curves having the opposite changing patterns • The 
change (cogging torque) of the racing torque T caused by the 
first thin part 12c and the change (cogging torque) of the 
racing torque T caused by the second thin part 12d cancel each 
other. Accordingly, the cogging torque acting on the motor 11 
is substantially eliminated. 
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The second embodiment has the following advantages. 

(1) The main portion 12a ^ 13a includes the first thin 
5 part 12c, 13c and the second thin part 12d^ 13d, which is 

spaced from the first thin part 12Gy. 13c by the angle m9 
(m=2) . The thickness of the second thin part 12d/ 13d changes 
in the opposite manner from the thickness of the first thin 
part 12c, 13c. 

10 

Therefore, during coTnmutation of the one of the coils 19, 
the cogging torque generated by the first thin part 12c, is 
canceled by the cogging torque generated by the second thin 
part 12d. As a result ^ the total cogging torque of the motor 
15 11 is reduced- Thus, the blower motor 11 operates smoothly 
with reduced noise. 

(2) The volume of material removed from the main portion 
12a (13a) for forming the second thin part 12d (13d) is equal 

20 to the volume of material removed from the main portion 12a 
(13a) for forming the first thin part 12c (13c)- Therefore^ 
the cogging torque generated by the first thin part 12c {13c) 
is substantially equal to the cogging torque generated by the 
second thin part 12d (13d). This structure reduces the total 

25 cogging torque of the motor 11 substantially to zero* As a 
result, the motor 11 operates smoothly with low noise. 

(3) The total, cogging torque of the motor 11 is 
effectively reduced by simply forming the second thin parts 

30 I2d, 13d in the main portions 12a, I3a of the magnets 12, 13* 
Therefore, the manufacture of the motor 11 is facilitated and 
the cost is reduced- 

(4) The magnets 12^ 13 are symmetrical with respect to 
35 the axis of the armature 14. Therefore^ magnetic flux is 
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generated in a well balanced manner. 

As described above, the first thin part 12c (13c) is 
spaced from the second thin part 12d (13d) by the angle mS, 
The angle mO is referred to as an angle by which the smallest 
flux point of the second thin part 12d {13d) is spaced from 
the smallest flux point of th<s first thin part 12c (13c) {the 
border between the main portion 12a (13a) and the extended 
portion 12b {I3b})- 

The embodiments of Figs* 1 to 6 may be modified as 
follows. 

The motor of the embodiment of Figs- 1 to 3 may be 
modified in a first modification as illustrated in Fig. 7. In 
the embodiment of Fig. 7, the length of the main portion 22a 
(23a) of magnet 22 (23) corresponds to a predetermined angle 
61* The angle 51 is determined such that the most trailing 
end 22e (23e) of the main portion 22a (23a) is aligned with 
the advancing end of the bar of the fifth tooth 28a when the 
circumferential center of the first tooth 28a faces the most 
advancing portion 22d {23d) of the main portion 22a {23a) - The 
angle 61 is represented by the following equations with^ the 

angle 9* 

51=8X (n-l-(l/2)}+t/2 
=30"X (5-l-{l/2))+t/2 
-105'*+t/2 

In the equations, the sign n represents the number of the 
bars of teeth in a teeth group, and the sign t represents an 
angle that corresponds to the distance between the trailing 
end of the bar of a tooth 28a and the advancing end of the bar 
of the adjacent tooth 28a. In this enibodiment, when 
commutation of one of the coils 29 is started, the most 
trailing end 22e (23e) of the main portion 22a (23a) is 
relatively away from the circumferential center of the fifth 
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tooth 28a- This reduces the cogging torque of the motor 21- 
Accordingly, the motor 21 operates smoothly with low noise. 

The motor of the embodiment of Figs. 1 to 3 may be 
5 modified in a second modification as illustrated in Fig. 3- 
In the embodiment of Fig. 8, the length of the main portion 
32a (33a) corresponds to $ predetermined angle 52. The angle 
52 is determined such that the most trailing end 32e (33e) is 
aligned with the trailing end of the bar of the fourth tooth 
10 38a when the most advancing portion 32d (33d) is aligned with 
the circiomferential center of the first tooth 38a- The angle 
52 is represented by the following equations with the angle 9. 
52«ex (n-a-(l/2) )-t/2 
=30**X (5-l-(l/2) )-t/2 
15 =105*-t/2 

In the equations r the sign n represents the number of the 
bars of teeth in one teeth group, and the sign t represents an 
angle that corresponds to the distance between the trailing 
end of the bar of a tooth 38a and the advancing end of the bar 
20 of the adjacent tooth 38a. In this embodiment^ when 

commutation of one of the coils 39 is started, the most 
trailing end 32e (33e) of the main portion 32a (33a) is 
relatively away from the circumferential center of the fifth 
tooth 38a- This reduces the cogging torque of the motor 31, 
25 Accordingly f the motor 31 operates smoothly with low noise. 

In the embodiments of Figs- 1 to 3^ 7 and 8, the 
circumferential length of the main portion of each magnet may 
be modified to correspond to a predetermined angle 53(53v^5, 
30 52<53<51) * This modification has the same advantages as the 
embodiments of Figs 1 to 3, 7 and 8. 

In the embodiments of Figs. 1 to 3, 7 and .8, the extended 
portion of each magnet has changing thickness to increase the 
35 amount of magnetic flux passing through each coil- However, 
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each magnet may have the structure shown in Fig, 9- The 
magnet 4 0 of Fig. 9 has a constant thickness, and the magnetic 
strength of the magnetic dipole is different at a border A. 
Further^ a magnet 50 of an embodiment of Fig, 10 may be used. 
5 The thickness of the magnet 50 is constant. The orientation 
of the magnetic dipole of the magnet 50 is changed at a border 
B of the main portion 50a and the extended portion 50b. 
Alternatively, a magnet 60 of an embodiment of Fig- 11 may be 
used. The thickness of the magnet 60 is constant. A weak 
10 magnetic material 60d is embedded in a thin part 60c, which is 
located between the main portion 60a and the extended portion 
60b- The embodiments of Figs. 9 to 11 have th« same 
advantages as the embodiments of Figs, 1 to 3, 7 and 8. 

15 The embodiment of Figs. 4 to 6 may be modified as 

illustrated in Fig. 12. In the embodiment of Fig. 12 ^ the 
main portion 72a (73a) of each magnet 72 (73) has three thin 
parts 72e, 72f, 72g (73e, 73f, 73g) that form the second weak 
flux part. The thin part 72e (73e) is spaced from the first 

20 thin part 72c (73c) by 30** (6)- The thin part 72f {73f) is 
spaced from the first thin part 72c (73c) by 60^ (29). The 
thin part 72g (73g) is spaced from the first thin part 72c 
(73c) by 90* (39). The thin parts 72e, 72f, 72g (73e, l3f, 
73g) are formed by Cutting the inner surface of the main 

25 portions 72a, 73a such that the change of thickness is 

opposite from that of the first thin part 72c (72d) . The 

^ volume of the material removed from the main portion 72a, 73a 
for forming the thin part 72e, 72f, 72g (73e, 73f, 73g) is 
equal to the volume of the material removed from the main 

30 portion 72a, 73a for forming the first thin part 72c, 73c, 

which function as the first weak flux part* In this case, the 
cogging torque generated by the thin parts 72e, 73e, 72f , 73f , 
72g, and 73g is equal to the cogging torque generated by the 
first thin part 72c, 73c. The direction of generation of the 

35 cogging torques are opposite in a rotation angle range. 
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As a result, the embodiment of Fig* 12 has the same 
advantages as th<s e]t±>odiinent of Figs, 4 to 6, Also, each of 
the thin parts 72e, 111, 72g (73e, 73f , 73g) is formed by 
5 forming a recess that is shallower than that forming the first 
thin part 72c, 73c. This improves ths rigidity of th^ itiagnets 
72, 73. 

One of the thin parts 72e (73e) , 72f {73f ) , and 72g (73g3 
10 may be omitted. In this case, the remaining thin parts are 
formed to generate the same cogging torque as that generated 
by the first thin part 72c (73c) . 

As shown by single-dotted line A3 in Fig. 6r the change 
15 of the racing torque T (cogging torque) generated by the 

second thin part 12d (13d) of the embodiment shown in Figs. 4 
to 6 may be smaller than the cogging torque generated by the 
first thin part 12c (13c) . Similarly, as shown by line A3, 
the change of the racing torque T (cogging torque) generated 
20 by the thin parts 72e, 72f, 72g (73e, 73f, 73g) of the 

embodiment shown in Fig. 12 may be smaller than the cogging 
torque generated by the first thin part 72c (73c) . In these 
cases, the total cogging torque applied to the motor is not 
eliminated- However, the cogging torque is reduced - 

25 

In the embodiment of Figs. 4 to 6, the second thin part 
12d {13d) is formed in the main portion 12^ (13a) and is 
separated from the first thin part 12c (13c) by the 
predetermined angle 29(m-2). However, the second thin part 
30 12d (13d) may be separated from the first thin part 12c (13c) 
by the angle ©(m=l) or by the angle 3©(m=3)- 

In the embodiments of Figs* 4 to 6, and 12, the second 
weak flux part of the magnet 12 (72) and the second weak flux 
35 part of the magnet 13 (73) are spaced from the corresponding 
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first weak flux part by the same angle. However^ the second 
weak flux part of the magnet 12 (72) and the second weak flux 
part of the magnet 13 (73) may be spaced from the 
corresponding first weak flux part by different angles. 

5 

In the embodiments of Figs. 4 to 6, and 12, the magnets 

12 (72), 13 (73) may be replaced by magnets having a constant 
thickness* In this case, the first and second weak flux parts 
are formed by varying the magnetic property of the magnetic 

10 dipole or the direction of the magnetic dipoles* 

Alternatively, to make the thickness of the magnets 12 (72 J, 

13 (73) uniform, weak magnetic material may be embedded in the 
recesses forming the first and second weak magnetic parts* 
These modified embodiments have substantially the same 

15 advantages as the embodiments of Figs. 4 to 6, and 12. 

In the embodiments of Figs. 4 to 6, and 12 the main 
portion 12a (72a) ^ 13a (73a) corresponds to the slot angle 9 
multiplied by an integer (46^120'*) . However^ the main portion 

20 12a (72a), 13a (73a) may correspond to the slot angle © 

multiplied by (n-l-(l/2))* The sign n represents the number 
of teeth in a teeth group* For example, if the n is five and 
the angle 9 is thirty degrees, the main portion 12a (72a) , 13a 
(73a) corresponds to the 30** multiplied by (5-1- (1/2) ==3 ♦ 5) , or 

25 105*** This modified embodiment reduces the cogging torque 
generated in each thin part. 

The main portion l2a (72a), 13a (73a) may correspond to 
the slot angle 9 multiplied by (n-1- (1/2) ±t/2) . The sign n 
30 represents the number o£ the teeth in a teeth group, and the 

sign t represents the angle defined by the trailing end of the 
bar of a tooth and the advancing end of the bar of the 
subsequent tooth. 

35 In the above embodiments, recesses are formed in the 
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inner side of each magnet to form a weak flux part. Weak flux 
parts may be formed by removing part of the magnet from the 
outer surface. For example, in an embodiment of Figs. 13(a) 
and 13(b), a recess 82b is formed in the outer surface 82a of 
5 an arcuate magnet 82. When forming the recess 82b, or the 
weak flux part^ to the magnet 82, the outer surface 82a is 
machined. Therefore, the operation range of a cutting tool is 
not limited and the machining is facilitated • Also, since the 
sidewalls 82c of the magnet 82 remain, the strength of the 
10 part corresponding to the thin part is increased* 

The number of teeth may be more than or less than twelve. 
The number of the teeth in one teeth group may be more than or 
less than five. 

15 

The present invention may be applied to a motor other 
than a blower motor. 

Therefore, the present examples and embodiments are to be 
20 considered as illustrative and not restrictive and the 

invention is not to be limited to the details given herein, 
but may be modified within the scope and equivalence of the 
appended claims. 
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